EXECUTIVE SUMMARY
A sample of Sludge Batch 4 (SB4) was pulled from Tank 40 in order to obtain radionuclide inventory analyses necessary for compliance with the Waste Acceptance Product Specifications (WAPS) 1 . This sample was also analyzed for elemental and chemical composition including noble metals. These analyses along with the WAPS analyses will help define the composition of the sludge currently in Tank 40 which is currently being fed to DWPF and will become part of Sludge Batch 5 (SB5).
At SRNL the 3-L Tank 40 SB4 sample was transferred from the shipping container into a 4-L vessel and solids allowed to settle overnight. Supernate was then siphoned off and circulated through the shipping container to complete the transfer of the sample. Following thorough mixing of the 3-L sample, a 280 g sub-sample was removed. This sub-sample was then utilized for all subsequent analytical samples.
Eight separate aliquots of the slurry were digested, four with HNO 3 /HCl in sealed Teflon ® vessels and four in Na 2 O 2 using Zr crucibles. Due to the use of Zr crucibles and Na in the peroxide fusions, Na and Zr cannot be determined from this preparation. Three glass standards were digested along with a blank for each preparation. Each aqua regia digestion and blank was diluted and submitted to Analytical Development (AD) for inductively coupled plasma -atomic emission spectroscopy (ICP-AES) analysis, inductively coupled plasma -mass spectrometry (ICP-MS) analysis, and cold vapor atomic absorption (CV-AA) analysis. Equivalent dilutions of the peroxide fusion digestions and blank were submitted to AD for ICP-AES analysis.
Tank 40 SB4 supernate was collected from a mixed slurry sample in the SRNL Shielded Cells and submitted to AD for ICP-AES and ICP-MS. Weighted dilutions of slurry were submitted for ion chromatography (IC), total inorganic carbon/total organic carbon (TIC/TOC), and total base analyses.
A sample of Tank 40 SB4 decant was collected by carefully removing the supernate phase from a settled sample. This decant was not filtered prior to performing a warm nitric acid digestion of the material in order to measure the Si content by ICP-AES. Three Si standards, a blank, and a matrix standard were prepared and submitted along with the Tank 40 samples.
The following conclusions were drawn from the analytical results reported here:
• The elemental composition of this sample and the analyses conducted here are reasonable and consistent with DWPF batch data measurements.
• There was no measurable Si in samples of Tank 40 decant.
• Ag and the Ru, Rh, and Pd noble metal concentrations agree well with the estimate used for the SB4 70/30 blend of SB3 and Tank 51 performed in the SRNL Shielded Cells. 
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INTRODUCTION AND BACKGROUND
A sample of Sludge Batch 4 (SB4) was pulled from Tank 40 in order to obtain radionuclide inventory analyses necessary for compliance with the Waste Acceptance Product Specifications (WAPS) 1 . This sample was also analyzed for elemental composition including noble metals. These analyses along with the WAPS analyses will help define the composition of the sludge currently in Tank 40 which is currently being fed to DWPF and will become part of Sludge Batch 5 (SB5).
SRNL analyses on SB4 were requested by DWPF via Technical Task Request (TTR) HLW-DWPF-TTR-2005-0034 2 . The sample preparation work is governed by Task Technical and Quality Assurance Plan (TTQAP) 3 , and analyses were controlled by an Analytical Study Plan 4 .
One 3-L sample of Tank 40 was pulled on October 10, 2007 following slurry operations. Four slurry pumps were started on October 10 and stopped at 11:22 am following eight hours of operation. The general protocol is for all four slurry pumps to run for eight hours before a DWPF transfer and to be kept running during the transfer, but due to the need to pull a sample, the pumps had to be shut down. The tank level was 128.6 inches after the pumps were secured and when the sample was pulled. The sample was sent to SRNL on October 11, 2007.
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APPROACH AND RESULTS
Analytical Methods
At the Savannah River National Laboratory (SRNL) the 3-L Tank 40 SB4 sample was transferred from the shipping container into a 4-L vessel and solids allowed to settle overnight. Supernate was then siphoned off and circulated through the shipping container to complete the transfer of the sample. Following thorough mixing of the 3-L sample, a 280 g sub-sample was removed. This sub-sample was then utilized for all subsequent analytical samples.
Eight separate aliquots of the slurry were digested, four with HNO 3 /HCl (aqua regia 5 ) in sealed Teflon ® vessels and four in Na 2 O 2 (alkali or peroxide fusion 6 ) using Zr crucibles. Due to the use of Zr crucibles and Na in the peroxide fusions, Na and Zr cannot be determined from this preparation. Additionally, other alkali metals, such as Li and K that may be contaminants in the Na 2 O 2 are not determined from this preparation. Three Analytical Reference Glass -1 7 (ARG-1) standards were digested along with a blank for each preparation. The ARG-1 glass allows for an assessment of the completeness of each digestion. Each aqua regia digestion and blank was diluted to 1:100 mL with deionized water and submitted to Analytical Development (AD) for inductively coupled plasma -atomic emission spectroscopy (ICP-AES) analysis, inductively coupled plasma -mass spectrometry (ICP-MS) analysis of masses 81-209 and 230-252, and cold vapor atomic absorption (CV-AA) analysis for Hg. Equivalent dilutions of the peroxide fusion digestions and blank were submitted to AD for ICP-AES analysis.
A sample of Tank 40 SB4 decant was collected by carefully removing the supernate phase from a settled sample. This decant was not filtered prior to performing a warm nitric acid digestion of the material (warm acid strike 8 ) in order to measure the Si content by ICP-AES. Three Si standards, a blank, and a matrix standard were prepared and submitted along with the Tank 40 samples. Table 2 -1 also contains data from the DWPF Sludge Receipt and Adjustment Tank (SRAT) receipt data for Batch #416 as a comparison. Batch #416 was selected because this is the first DWPF batch received from Tank 40 following the Tank 40 sampling. The wt % total solids for the Tank 40 -WAPS sample are lower than seen for Batch #416. The higher total solids observed for the DWPF SRAT receipt batch probably reflect the impacts of the SRAT heel. The SRAT heel contributes approximately 13 -19% of the volume of slurry in the SRAT vessel and can have total solids ranging from 24 -27 wt %. Calcine factors were also calculated by taking the ratio of the weight percent calcined solids and the weight percent total solids. The Tank 40 -WAPS Sample has a value of 0.75 grams of calcined solids per gram of dried solids. As shown in Table 2 -2, there is generally reasonable agreement between the anion results for the Tank 40 WAPS sample and the available DWPF SRAT Receipt data for Batch #416. The Al, B, Ca, Cr, K, Mo, Na, and S values were calculated from the ICP-AES data for the supernate. The U value was determined from the ICP-MS supernate data. Other supernate elements measured were below the ICP-AES detection limits. The DWPF SRAT nitrite ion concentration would be expected to be reduced relative to the incoming sludge since the heel in the SRAT is greatly reduced in nitrite ion. Similarly, the SRAT formate and nitrate ion concentration would be expected to be elevated relative to the sludge since the heel in the SRAT is greatly increased in these anions. The supernate sulfur result given is calculated from total sulfur detected in the supernate by ICP-AES and is slightly higher than the sulfate value determined by IC, though likely within the uncertainty of the two measurements. The agreement with the DWPF value for sulfate is good. Table 2 -4 provides the total carbon (TC) and total inorganic carbon (TIC) measured for the SB4 WAPS sample. The TIC value measured for SRAT Batch #416 is 25% higher, but no TC value is available for comparison. The elemental concentrations determined by ICP-AES, ICP-MS, and CV-AA analyses are presented in Table 2 -6. For the Tank 40 -WAPS sample, results from both digestions have been combined where appropriate. In the case of Sb, only the peroxide fusion preparation was measured for this element. Also, due to the use of Zr crucibles and Na 2 O 2 in the alkali fusions, Zr and Na values, as well as other alkali metals, were determined from the aqua regia digestion.
Results
In the case of B, Be, Ce, Mo, Sn, V, and Zn, both preparations yielded values below the detection limits, hence Ce was determined by ICP-MS and the lowest detection limit value was selected for the remaining elements. Peroxide fusion data was used to report values for Al and Si for the Tank 40 -WAPS sample since the aqua regia preparation fails to dissolve all forms of these elements. ICP-MS analysis of the aqua regia digestion was also used to determine the concentrations of Cd, Gd, La and U. 
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The fission product noble metal and silver concentrations are given in Table 2-7 . The values were calculated from ICP-MS data using a spreadsheet developed by Ned Bibler (SRNL). This spreadsheet uses the fission yield for each isotope to account for the mass contribution from isotopes in the tank that could not be measured because isotopes of natural Cd interfere at this mass. An example of this is the measurement at mass 110, which is comprised of Pd-110 and Cd-110. For comparison purposes, data for the SB4 Qualification Sample and the estimated concentrations for Shielded Cells SRAT Cycle 1 (SC-1) Blend Sample (70% Tank 40 (SB3) / 30% Tank 51 (SB4 Qualification Sample)) are also given 10 . The values for each noble metal are in reasonably good agreement considering the low concentrations being measured to calculate them. Additionally, the SB4 Qualification Sample results do not include an estimate for the impact on the noble metals concentrations as a result of the SB3 heel in Tank 
Carbonate
Subtracting the free OH -and other base values from the total base measurement should yield the carbonate contribution to the base equivalents. The carbonate contribution determined from the titration measurements is 0.057 mol carbonate/kg slurry. This compares to a carbonate concentration via the TIC measurement of 0.075 mol carbonate/kg slurry. The agreement is good considering the large uncertainty in determining carbonate via titration.
Warm Acid Strike for Soluble Silica
The warm acid strike method 8 was utilized to measure the concentration of Si in a Tank 40 decant. The amount of Si measured was below the detection limit and below the lowest standard value of 0.5 ppm Si. There was excellent agreement between the values for the elements Al, Cr, K, Na, and S which were detected in both the warm acid strike treated decant and the filtered supernate (Table 2 -2), indicating there is no significant contribution to the concentrations of these elements from suspended fine particles that may be present in the decant.
Sulfur
The conversion of the total supernate sulfur values, as shown in Table 2 -3, from molar to wt% of total solids, yields 0.310 wt% S for the Tank 40 -WAPS sample. Comparing this value with the total slurry sulfur value in Table 2 -6 indicates that 93% of the sulfur in the WAPS sample is soluble. Within the uncertainty of the measurements, it is reasonable to assume that virtually all of the sulfur remains as soluble species in the sludge.
Elemental Ratios
A comparison of the elemental ratios of the major insoluble solids using data from Table 2-6 is given in Table 3-1. SRAT Product Batch #416 data is from DWPF and was used to calculate the ratios of Fe to Al, Ca, Mn, and U since receipt data on these elements is not available. These ratios should remain constant through batch processing unless an addition of material containing one or more elements of interest is made. Generally, the agreement between the Tank 40 -WAPS sample and the DWPF Batch #416 data is good, differing by less than 10% except for U, which is within the analytical uncertainty of the measured data. The U value reported for DWPF SRAT Batch #416 is from ICP-AES rather than ICP-MS, and it is likely biased low. Using the U value determined by ICP-AES for the WAPS sample (5.01 wt% TS) yields a U/Fe ratio of 0.35 which is 18% higher than that observed in DWPF. Generally, the U values determined in DWPF have been lower than those determined at SRNL. 
Noble Metal Ratios
A comparison of the fission yield ratios for Ru:Rh, Ru:Pd, and Ru:Ag with those measured for the Tank 40 -WAPS sample is provided in Table 3 -2. The SB4 Qualification Sample results and estimated values for the SC-1 Blend Sample are provided for comparison. The ratios are based upon Ru due to its relatively high concentration in the sludge as compared with the other noble metals. The Ru:Rh ratio agrees reasonably well for all three samples, while the Ru:Ag ratios differ significantly from the fission yield ratios. This lack of agreement for the Ag ratios is not unexpected since the majority of the Ag is natural Ag originating from Ag saddles used in the dissolvers to scavenge radioactive iodine, while the noble metals are fission products of U-235.
Consequently by the relative concentration of Ag, the fission products are not expected to be in proportion to their fission yields. The Ru:Pd ratios agree for the WAPS and the estimated SC-1 Blend samples, but not with that predicted by the fission yield. A possible explanation for this is that a portion of the Pd is soluble and hence has fractioned off into the salt waste, thus increasing the ratio of Ru to Pd in the sludge waste. 
CONCLUSIONS
• Ag and the Ru, Rh, and Pd noble metal concentrations agree well with the estimate used for the SB4 70/30 blend of SB3 and Tank 51 performed in the SRNL Shielded Cells.
